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Abstract

As part of sentence processing, it is often necessary to integrate elements that are distant from
one another. Thus, linguistic representations need to be stored and retrieved from memory.
Research investigating memory mechanisms in sentence processing has revealed that
comprehension is prone to memory fallibility: during the maintenance and subsequent
retrieval of an element (e.g., a noun phrase (NP)) for dependency resolution, other NPs with

similar features may cause interference.

In two experiments, I investigated this interference, comparing two types of
long-distance grammatical dependencies: subject-verb and filler-gap, when the latter was
often considered to involve a special memory mechanism. In a self-paced reading experiment
I manipulated dependency type and similarity of the animacy feature between the
subject/filler and a subsequent NP. I measured encoding costs on the second NP, to examine
how similarity affects encoding in the two structures. Although not significant, I observed a
trend in the data suggesting that similarity affects the dependencies differently. Since more
data were needed to substantiate this claim, I conducted a second experiment investigating
comprehension of the same sentences. I found a significant main effect of similarity on both
dependencies. That is, when the two NPs in the sentence were animate, participants were
significantly less accurate than when the NPs were dissimilar in animacy. This suggests that
similarity causes encoding interference and affects our comprehension, regardless of the

dependency that needs to be maintained in memory.
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1. Introduction

Day-to-day sentence processing requires speakers to form different types of dependencies
between incoming new elements and linguistic information previously established. Sentence
comprehension relies on doing this formation quickly but also successfully, and therefore
calls for careful yet active memory mechanisms. These mechanisms enable an accurate
representation of each element and its relations with other elements within the sentence. This
means that speakers need to create and encode a faithful representation of a word, maintain it
when necessary for downstream integration, and retrieve it at the point of integration.

This complex, yet natural process is constantly jeopardized as intervening elements
might be encountered during it, a situation that can possibly result in processing difficulty
and impaired comprehension. One of the most prominent theories for memory mechanisms
used in sentence processing is Cue-Based Retrieval (Lewis, & Vasishth, 2005; Lewis,
Vasishth, & Van Dyke, 2006). Under this theory elements are encoded with different features
and then are retrieved by these features used as cues. The process of retrieving elements
based on features is subject to similarity-based interference: interference occurring when
elements share the same features used as retrieval cues. This was argued to be a factor
potentially slowing processing down and impairing comprehension, as the wrong item may
be retrieved (Van Dyke, 2007; Van Dyke & McElree, 2006).

While most studies focused on interference occurring at the retrieval site, the same
phenomena can happen earlier, at encoding. Since items are encoded to some degree with
their features, encoding interference is likely to occur whenever two items share the same
feature, regardless of whether the shared feature is relevant for retrieval. Therefore any
interference occurring can only be attributed to confusion happening at the encoding site and

not retrieval site.



Investigating this type of interference, Villata, Tabor, & Franck (2018) manipulated
similarity in number features between a subject and a distractor in their second experiment.
Sentences with a past tense verb in English do not bear number agreement, hence, this feature
cannot be assumed to serve as a retrieval cue, and the verbs are not specified as to which NP
they can take as argument. For example:

Agreement cue

Match (SS)  The/dancer-SG/that/the/waiter-SG/strongly/criticizes-SG/
most/of/the/time/ordered/a/rum/cocktail.

Mismatch (PS) The/dancers-PL/that/the/waiter-SG/strongly/criticizes-SG/
most/of/the/time/ordered/a/rum/cocktail.

No agreement cue
Match (SS)  The/dancer-SG/that/the/waiter-SG/strongly/criticized-@/
most/of/the/time/ordered/a/rum/cocktail.
Mismatch (PS) The/dancers-PL/that/the/waiter-SG/strongly/criticized-@/
most/of/the/time/ordered/a/rum/cocktail.
Comprehension question: Did the waiter criticize the dancer/s? / Did the dancer/s criticize the
waiter?

The results showed lower accuracy rates and (marginally) elevated reading times at
the retrieval site in the match condition (when the two NPs overlapped in number),
suggesting encoding interference since they were found despite the irrelevance of number at
retrieval.

Earlier studies applied a similar rationale to test for the existence of encoding
interference and received results supporting this distinction between interference at encoding
and not retrieval (Gordon, Hendrick, & Johnson, 2001; 2004).

This study will focus on the phenomenon of encoding interference during the
processing of different dependency types: Filler-gap dependency and Subject-verb
dependency.

Filler-gap dependencies have been the focal point of many studies in the past decades.

These dependencies form when an element is displaced from its canonical thematic position



in a sentence, and a dependency is formed between the “filler” - the displaced element, and
its “gap” - the original position. The processing of this type of dependency has been
extensively studied, with one main generalization capturing the different findings: the “active
filler” strategy, proposed by Frazier & Clifton (1989). According to this strategy, once a filler
is identified, the parser makes an attempt to resolve the dependency as soon as possible
(Stowe, 1986; Sussman & Sedivy, 2003; Traxler & Pickering, 1996). This generalization ties
in with the idea that fillers have a privileged memory status, namely that their representation
is maintained more actively in working memory than that of other elements (e.g. Wanner &
Marastsos, 1978; McElree, Foraker, & Dyer, 2003). The question of what exactly this
representation consists of is still under debate. Wagers and Phillips (2014) suggested that it is
not the case that the full content of the filler is maintained, but rather that some features of it
are maintained while others decay and are retrieved only in the integration site.

To test which features of fillers are actively maintained, Ness & Meltzer-Asscher
(2019) measured reading times during encoding of a noun phrase (NP) following a filler vs. a
non-filler NP. The experiment contrasted relative clauses (RCs) formed by filler-gap
dependency, where the filler NP is required for downstream integration such as in (1), and
sentences with ellipsis, where the reader cannot know that the antecedent NP will have to be
retrieved later, as in (2). Both types of sentences contained an interfering noun NP between
the filler and gap site or antecedent and ellipsis site, that was either similar or dissimilar to the
filler/antecedent in animacy.

1) itai ra’a et ha-mitlamed Se ha-taxkiran me-ha-toxnit Sel ha-itonai

Itai saw ACC the-intern that the-researcher from-the-program of the-journalist

me-aruc eser xipes kol axar ha-ca’araim
from-channel ten looked-for all after the-noon

) itai ra’a et ha-mitlamed Sel ha-taxkiran = me-ha-toxnit Sel ha-itonai



Itai saw ACC the-intern of the-researcher from-the-program of the-journalist
me-aruc eseraval lo et  Sel ha-orex ha- kasua

from-channel ten but not ACC _ of the-editor the-strict

Importantly, the difference between these two structures was whether maintenance of
the NP is required throughout the sentence (up to the retrieval position) or not, and while
filler-gap dependency requires maintenance, ellipsis structure does not. In the ellipsis
condition there is no indication for the existence of a dependency prior to the ellipsis site and
it is potentially possible to end the sentence prior to this position, hence no maintenance is
required. In the filler-gap condition it is not the case, since once the parser encounters “that”
the filler is identified and is actively looking for its gap, meaning, integration of the filler will
be needed and therefore maintenance to some extent is required.

On the interfering NP, elevated reading times were found when it was similar in
animacy to the preceding NP, but only in the filler-gap condition. This finding indicates that
encoding of the intervening NP was particularly effortful when a similar filler — but not a
non-filler NP — was simultaneously kept in memory. Moreover, at the integration site, only in
the ellipsis condition, longer RTs were found when the intervening NP was similar to the
antecedent compared to when it was dissimilar, that is, similarity-based interference was
found. (Similar results were obtained in Ness & Meltzer-Asscher (2017)). Following these
results the authors proposed that since a filler needs to be maintained accurately, it causes
difficulty in the encoding of an additional, similar NP. The authors further suggested that
these prolonged encoding times (in the filler-gap condition) enable the creation of accurate
and distinct memory representations, paying off at retrieval. This hypothesis also entails that

comprehension will be intact in these cases, a prediction not tested in the original study.



The current study further investigates whether similarity-based interference arises in
the processing of sentences with two animate NPs. Experiment 1 follows the line of research
presented by Ness & Meltzer-Asscher 2019 where it was suggested that similarity between
two NPs may be manifested in prolonged encoding times on the second NP, and compared
fillers to subjects in this respect. In Experiment 2, I tested whether similarity in animacy has
consequences on comprehension. In both of the experiments, animacy is not a retrieval cue,
and thus any effect of similarity on processing must be attributed to interference during

encoding, rather than during retrieval.

2. Experiment 1

In the first experiment, I asked whether the subject of a sentence is actively kept in memory,
on a par with fillers, or whether fillers have a privileged memory status. Subject NPs, like
fillers, await a thematic role assignment, but are less often characterized as held in a special
memory state. Thus, On the one hand, subjects are similar to fillers as they, too, are needed
for downstream integration (with their verb), but on the other hand, subject-verb
dependencies are often simpler and shorter than filler-gap dependencies, and it is not clear
whether active maintenance of the subject occurs as well. Taken all together, this raises the
question of subjects’ difference from fillers.

As mentioned, the first experiment followed the line of research presented by Ness &
Meltzer-Asscher 2019, where they compared RC’s formed with filler-gap dependencies to
ellipsis structure. In ellipsis configurations, no active maintenance is required since there is
no indication that the encoded items will be needed for future retrieval, prior to the retrieval
site. In contrast, in filler-gap dependencies the filler is likely maintained to some degree
throughout the dependency, since the parser actively searches for its gap position, i.e the

retrieval site.



In this experiment I compared filler-gap dependencies to subject-verb dependencies,
where the memory status of subjects is still unclear. Therefore, I tested whether subjects, like
fillers, induce encoding costs on a subsequent similar NP with a self-paced reading task. The
intervening NP was positioned in between the different dependencies, meaning it was
encountered by the parser while it was waiting for the retrieval site. Similarity-based
interference was manipulated by changing the animacy of the filler/subject, while the
intervening NP was always animate. The sentences were constructed as follows:

Filler gap dependency:

Filler NP (animate\inanimate) _ Critical NP (animate) Gap

Subject verb dependency :

Subject NP (animate\inanimate) Critical NP (animate)  Verb

Considering the above, I expected that if similar RT’s on the encoding site (the critical
NP) in both dependencies were found, that would mean that similarity affects the
dependencies equally (or at least similarly), also meaning that subjects are maintained the
same as fillers. On the other hand, if elevated RT’s would only be found in filler-gap
sentences and not in subject-verb sentences, this would mean fillers do have a special

memory status, and active maintenance is required only in these conditions.

2.1 Methods

participants

63 Hebrew native speakers between the ages of 18-35 participated in the experiment. 60 were
included in the final analysis after removing outliers. Some participants were Tel-Aviv
University students who received course credit points, others were compensated 20 NIS. The

experiment was approved by the Ethics Committee at Tel Aviv University.
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materials

The materials of this experiment consisted of 28 Hebrew sentence sets, each including four
experimental sentences. The experimental conditions were built in a 2x2 factorial design with
the factors Dependency type (filler-gap / subject-verb) and Similarity (antecedent is similar
/ dissimilar to the intervening NP in animacy). Interference was achieved by addition of an
intervening NP, which functioned as a distractor between the filler/subject and the retrieval
site (i.e the verb). Apart from the animacy manipulation (intervening NP is animate while the
filler/subject are inanimate/animate depending on the condition), the intervening NP was
similar to the filler/subject in gender and number, and was also semantically related to it (see
pre-tests section).

In the filler-gap conditions, the antecedent opens a relative clause (RC), starting with
two adverbials (grammatical in Hebrew), one containing the intervening NP. Maintenance is
required throughout the dependency until the dependency is resolved at the verb as a subject
relative clause. Hence, in these conditions, the intervening NP is encountered while the filler
still awaits its gap position. In the subject-verb conditions, the antecedent likewise opens an
RC, which is however immediately resolved as a subject relative. When the intervening NP is
encountered, there is no open filler-gap dependency, yet the subject still awaits a main verb.
An example set is given in Table 1.

Table 1. Example set

Dependency Example
type

ha-axot / ha-toca’a Se-hayta  etmol ba- bdika sel
Subject-verb  the-nurse.F /the-result.F that-was yesterday in+the-examination of

ha-menataxat  ha-maclixa hergi’a et-ha-metupelet  ha-mudeget

the-surgeon.F the-successful calmed down acc the-patient the-worried

'"The nurse.F/result.F that was yesterday at the examination of the successful
surgeon.F calmed the worried patient down’

NARTIAN N9DI0AT DR V°A77 A°P%NT NNNYAT YW R°722 PINK AN ARYIN/NInR
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zo ha-axot/ ha-toca’a Se-etmol ba- bdika sel
Filler-gap this the-nurse.F /the-result.F that-yesterday in+the-examination of

ha-menataxat ha-maclixa hergi’a  et-ha-metupelet  ha-mudeget

the-surgeon.F the-successful calmed down Acc the-patient the-worried

"This is the nurse.F/result.F that yesterday at the examination of the
successful surgeon.F calmed the worried patient down*

DARTING N29I0NT DR 793717 IMO9XNIT NININT SW 327722 DNNKRY IRXINT /NINRT 7

Comprehens Did the patient calm down? (correct answer: Yes)
ion question
(19 :7 210377 M2WNT) 27VANI NYOWNAT ORI

note: Filler/subject and intervening NP are marked in bold.

The experimental materials were distributed across four experimental lists, such that each
participant saw only one sentence from each set. All lists contained the same 48 grammatical
filler sentences which varied in structure and included, for example, sentences with object
RCs, single/plural distractors, and animate/inanimate distractors. This was done to prevent
participants from detecting the experimental manipulation. In total, 76 sentences were
presented to each participant. Sixty percent of the items (experimental and fillers) were
followed by yes-no comprehension questions in order to detect uncooperative participants
and exclude their results.
pre-tests
Two pre-tests were conducted in order to make sure there is no significant difference in
plausibility between the animate and inanimate conditions in each set. Participants were
required to grade on a scale of 1-7 the plausibility of the experimental sentences. In each
pre-test 30 different participants took part.

The first pre-test included 35 experimental sets, each set composed of 2 sentences
from the SV condition (SV animate vs. SV inanimate). Since the FG condition is more

syntactically complex, i.e includes a more distant filler-gap dependency, it is potentially more
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likely to affect the overall comprehension, and as a result - the plausibility of the sentences,
when compared to SV dependencies. Therefore the comparison between the animate/
inanimate conditions was made using the two sentences of the subject-verb condition.

The materials of the first pre-test were modified experimental sets. The original
experimental sentences were altered such that the direct object of the main verb was omitted
and replaced with a semantically-null direct object (‘miSehu’- someone). This change was
made so that the plausibility of the sentences would not be affected by the original direct
object, a section in the sentence that is not relevant to reading times in our critical regions, i.e.
the intervening NP and the retrieval site. An example set is given in Table 2.

Table 2: example set from pre-test 1

Condition Example Average t-test
Rate Result

ha-axot Se-hayta  etmol ba- bdika sel
the-nurse.F that-was yesterday in+the-examination of
ha-menataxat ha-maclixa  hergi’a misehu

S-v the-surgeon.F the-successful calmed down someone

animate 5.73

(match) The nurse.F that was yesterday at the examination of the

successful surgeon.F calmed someone down’

WM YOI YR DANINT W 27722 DIANKR NI NINRG
ha-toca’a Se-hayta  etmol ba- bdika sel
the-result.F that-was yesterday in+the-examination of

ha-menataxat ha-maclixa hergi’a misehu
S-v the-surgeon.F the-successful calmed down someone
inanimate 5.73
(mismatch) The result.F that was yesterday at the examination of the

successful surgeon.F calmed someone down’

WM YOI MDA DANINT W 7722 D1ANKR INTIW ORI

When analyzing the results, I compared the rates of the two sentences in each set

using t-tests. Nine sets had a difference with p < 0.1 between the two conditions and for that
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reason were disqualified. One hypothesis for this high number of disqualified sets was that
perhaps some sentences were less plausible than others with the direct object ‘someone’. 1
therefore conducted a second pre-test.

The second pre-test included 12 experimental sets from the first pre-test that received
low plausibility rates, to be retested with a different direct object. In this pre-test the
semantically null direct object was ‘et kulam’- (ACC everyone). An example set is given in
Table 3.

Table 3: Example set from pre-test 2

Condition Example Average t-test
Rate Result

ha-komikai Se-haya hayom ba- odisen  sel
the-comedian.M that-was today  intthe-audition of
ha-mefik ha-amerika’i  hicxik et  kulam

S-v the-producer.M the-American amused Acc everyone

animate 6.33

(match) '"The comedian that was today at the audition of the American

producer amused everyone’

0219 DX PP RPINRA P00 W WITIRD OV Y ORI

ha-tasrit Se-haya hayom  ba- odisen  Sel 0.87
the-script.M that-was today  in+the-audition of
ha-mefik ha-amerika’i  hicxik et kulam

S-v the-producer.M the-American amused Acc everyone

inanimate 6.27

(mismatch) 'The script that was today at the audition of the American
producer amused everyone’

0210 DR PO ORPIART PO YW JWOTIRA D10 AW 0OI0Nn

The analysis was conducted the same way as in the first pre-test, and 5 sets were
disqualified. Based on both pre-tests, 28 sets (out of 30 that passed the pre-tests) were chosen.
The average rate for SV inanimate (mismatch) sentences was 5.19, and for SV animate

(match) sentences it was 5.28.
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procedure

The experiment was run in the Sentence Processing Lab at Tel Aviv University. The
sentences were presented in a self-paced moving window paradigm using the Linger software
(Rohde, 2003). Each orthographic word was presented separately. Participants were
instructed to read at their normal rate and feedback was given for incorrect responses to the
comprehension questions. In preparation for the experiment, participants completed a practice
session.

data analysis

Out of 63 participants, 3 were taken out of the analysis; one with accuracy rate which was
below chance (75%), another with mean reading time (RT) which exceeded 2.5 standard
deviations from the group’s mean and lastly a participant with a standard deviations (SD)
which exceeded 2.5 standard deviations from the group’s SD mean. Data points exceeding
2.5 SDs from each participant’s mean were replaced with the value of 2.5 SDs from that
participant’s mean.

The RT data was analyzed using a mixed-effects linear regression model with the
ImerTest package (Kuznetsova, Brockhoff, & Christensen, 2014) in the R software
environment (R Development Core Team, 2011). RTs were logarithmically transformed
before being entered into the model. The linear model included random intercepts of
participants and fixed effects for animacy and dependency type. Taking into account possible
spill-over effects, the model also included the RT of the previous word (logarithmically

transformed).

2.2 Results

Reading times of the different conditions word by word are presented in Figure 1. The

analysis revealed no main effects or interactions on the critical word, namely the intervening
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NP, or the spill-over region. Although the interaction between the two factors at the spill-over
region did not reach significance (p = .214), I carried out pairwise comparisons, testing for
the effect of similarity in each dependency type. This yielded p = .053 for the filler-gap
dependency, indicating potentially slower reading times in the spill-over site when the two
NP’s were similar in animacy than when they were dissimilar. For the subject-verb

dependency this comparison yielded p = .86 . See figure 2 focusing on the spill-over region.

Figure 1. Reading times by condition

900

800

Spill-over

Reading times (ms)
[=2) ~
(=3 o
o o
—_

u
[=]
=]

400

300

@ FG- similar @ SV- similar FG- dissimilar SV- dissimilar

In the example sentences:1- the-nurse.F/the-result.F 2- that-/(was) 3- yesterday 4-
intthe-examination 5- of 6- the-surgeon.F 7- the-successful 8- calmed down 9-ACC 10-

the-patient 11-the-worried
Note: The critical word is word 6, the spill-over is word 7. Only one set had word no. 12
Error bars represent standard error by participants.

Figure 2. Spill-over word

® FG- similar @ SV- similar

FG- dissimilar SV- dissimilar
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2.3 Discussion

The goal of the first experiment was to examine whether fillers and subjects behave
differently with respect to their maintenance in the working memory. To answer this question,
I tested whether similarity in animacy, between two distant NPs in a sentence, affects
subject-verb dependencies and filler-gap dependencies differently. Based on previous
research, active maintenance in memory is assumed to be required for filler NPs, which can
lead to interference effects. On the other hand, the memory status of subject NPs is unclear.
Therefore, this experiment was aimed to conclude whether subject NPs are actively
maintained, based on whether or not similarity-based interference occurs in this type of
dependency.

My primary effects of interest, namely the effect of similarity and/or its interaction
with dependency type, were not significant (see also exploratory analysis in APPENDIX E );
therefore strong conclusions cannot be drawn. However, it is possible to notice a trend in the
data where in filler-gap dependencies, sentences in which the intervening NP was similar to
the antecedent were read slower than sentences in which they were dissimilar, whereas a
similar pattern was not observed for subject-verb dependencies. This is in line with the idea
that similarity indeed affects the dependencies differently, since fillers are more privileged,
and maintained more actively, than subjects. However, more data is needed to substantiate
this claim.

One issue worth noting is that the materials were not built in a way that allowed
analysis of the integration site since this site is adjacent to the spill-over site of the critical NP.
This should be taken into account in future experiments, especially in light of the results

obtained in Ness & Meltzer-Asscher (2019; see also APPENDIX E).
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3. Experiment 2
Following the trend of the first experiment, I wanted to investigate if it is possible that the
longer RT’s in the filler-gap dependency, interpreted as a manifestation of an effort that is put
into encoding (or maintenance), enable better understanding.

The results of the first experiment were not significant. Therefore, in the second
experiment I focused on comprehension, which was shown previously to be a more robust
measure of encoding interference than reading times (e.g. Villata et al., 2018; Jaeger et al.,
2015; Laurinavihyute et al., 2017). While these previous studies manipulated similarity in
agreement features, I wanted to extend the findings to a different feature, namely animacy.

In addition, since comprehension is arguably the most important outcome of
processing, I wanted to explore how participants understand these structures. Importantly,
previous studies have not tested the effect of similarity-based interference in animacy on the
comprehension of subject-verb and filler-gap dependencies so instead of measuring RT’s,
accuracy rates on comprehension questions were measured.

The materials and conditions were the same as in the first experiment but the focus of
this study was the comprehension question which targeted the dependency resolution. The
comprehension questions were constructed as follows:

Experimental sentence:

Filler NP/Subject NP (X) (animate\inanimate) Critical NP (Y)(animate) (gap)/Verb (Z)

Comprehension questions: Which statement best describes the sentence?

X did Z or Y did Z
The options were always, X did Z or Y did Z, and the correct answer was always X did it

since X is the filler/subject which resolves the dependency.
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The study aimed to test whether the effect of similarity is modulated by dependency
type in a way that affects comprehension. Following previous studies, I predicted a main

effect of similarity, meaning similarity- based interference will affect both dependencies and
hinder the overall comprehension in both conditions. More interestingly, [ was curious to see
if in the filler-gap condition, accuracy would be higher in the similar condition only, thus
reinforcing the idea that longer encoding times (shown in previous research) indeed lead to

successful encoding and accurate interpretation by "protection" from encoding interference.

3.1 Methods
participants
67 Hebrew native speakers between the ages of 18-35 participated in the experiment. 61 were
included in the final analysis after removing outliers. Some participants were Tel-Aviv
University students who received course credit points, others were compensated 15 NIS. The
experiment was approved by the Ethics Committee at Tel Aviv University.
materials
The materials of this experiment consisted of 20 Hebrew sentence sets selected from those
that were used in the first experiment. The materials were modified based on the previous
experiment’s results (NPs with exceptionally elevated reading times were altered) and in
accordance with two plausibility pre-tests, to be described in more detail below. These
pre-tests were made to ensure that there were no significant differences between the
plausibility of the three NPs in the depicted event, i.e., that the animate antecedent, inanimate
antecedent and the intervening NP were all just as likely to be participants in the event
described by the verb in a given item.

After each sentence a forced choice comprehension question was presented, probing

the NP that resolves the dependency. With each question two statements were presented, and
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participants were required to choose which statement matches the sentence; in one statement
the subject/filler resolved the dependency (correct answer), while in the other, the intervening
NP resolved it (incorrect answer).

The experiment included 36 filler sentences of various structures, also followed by
similar comprehension questions. Filler trials included cases where a filler/subject was not
the correct answer, to prevent participants from developing answer strategies.

(A sample material set is presented in table 3. For the full set of experimental material see
APPENDIX H)

Table 3. Example set

Dependency Example
type
Subject-verb '"The nurse.F/result.F that was yesterday at the examination of the

successful surgeon.F calmed the worried patient down’

Filler-gap '"This is the nurse.F/result.F that yesterday at the examination of the
successful surgeon.F calmed the worried patient down*

Comprehension select the statement that best describes the sentence:
question
‘The nurse.F/result.F calmed the worried patient down'
or
‘The surgeon calmed the worried patient down’

notes: Filler/subject and intervening NP are marked in bold.

pre-tests

Since the comprehension question targeted the different NPs in the sentence, two pre-tests
were conducted in order to make sure there is no significant difference in plausibility between
these NPs within each sentence’s context. Unlike the first two pre-tests where participants
were presented with full sentences, in these pre-tests, participants were only presented with

the possible answers to the comprehension questions (i.e the statements). Participants were
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then required to grade the plausibility of each sentence on a scale of 1-7. Implausible filler
sentences were integrated in each pre-test.

Thirty nine participants (who did not take part in the other experiments) took part in
the first pre-test, which included 25 sets. Each set was composed of three statements where in
each one the subject was different, whether the inanimate / animate NP in the original
sentence or the distractor (a sample set is shown in table 4).

Table 4. Example set from pre-test 1

NP Average t-test

type rate results (vs.
distractor

Animate '"The nurse calmed the worried patient down’ 6.92 0.12

Intervening NP 'The surgeon calmed the worried patient down’  6.61
(distractor)

Inanimate 'The result calmed the worried patient down’ 6.46 0.55

As the difference between the inanimate / animate subject NP was already tested in
the first experiment, in this pre-test it was the difference between the subject/filler
(inanimate/animate) and the distractor that was analyzed.

Eleven sets were disqualified since a significant difference in plausibility was found
between the plausibility of the sentence with the distractor and that with the inanimate
filler/subject, the animate one, or both.

As a result of the low number of sets that were left, a second pre-test was conducted.
Its design was identical to the first pre-test, and it included seven new sets and 37 participants
(a sample set is shown in table 5). In the second pre-test only one set was disqualified, and
therefore the overall number of sets for the second experiment was 20.

Table 5. Example set from pre-test 2

NP Average t-test
type rate results (vs.
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distractor

Animate 'The journalist.F convinced the uncertain 6.53 0.52
voters’
Intervening NP 'The candidate.F convinced the uncertain 6.31
(distractor) voters’
Inanimate 'The presentation.F convinced the uncertain ~ 6.18 0.78
voters’
procedure

The experiment was conducted online using the experiment platform PCibex (Zehr, &
Schwarz, 2018). The sentences were presented in a rapid serial visual presentation
experiment and each sentence began with a fixation sign (“+”). Each word was presented for
300ms and between each, there was a 100ms break. After the last word was presented, a
comprehension question appeared with two statements. Participants had 4 seconds to choose
which statements is correct based on the sentence they have just read, if they did not choose,

a failure message appeared stating they weren’t quick enough (“too slow” "> vX?").

data Analysis

Since the analysis relied on errors in the comprehension questions, outliers were calculated
based on accuracy rates of 18 catch trials. More specifically, 18 (out of the 36) fillers were
designated as catch trials, these were sentences with a coordination structure which,
compared with other fillers’ structure, was simpler for comprehension as it did not include
any long-distance dependencies or filler-gap dependencies (e.g, “The window broke at night
during the big storm and the vase shattered due to the strong wind in the morning”). Six
participants had accuracy rates below chance (72%) in the catch trials and therefore were

removed from the analysis.
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The accuracy rates were analyzed using a generalized linear mixed-effect regression
model with the Ime4 package (Bates, Michler, Bolker & Walker, 2015) in the R software
environment (R Development Core Team, 2011). The linear model included random
intercepts of participants with slopes of dependency and fixed-effects for animacy and

dependency type.

3.2 Results

Figure 3 shows the accuracy in the different conditions. The analysis revealed a main
effect of similarity on accuracy rates (Estimate= 0.853, z = 4.01, SE =0.212, p <.001), such
that when both NPs in the sentence were animate, participants were less accurate than when
the NPs were dissimilar in animacy. There was no main effect of dependency type or
interaction between the two factors.
Figure 3: Accuracy rates by condition
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3.3 Discussion
The results of Experiment 2 show a robust effect of similarity-based encoding interference on
comprehension. Sentences are harder to understand when two NPs in the sentence share the

animacy feature. This is on a par with previous research (Gordon, Hendrick, & Johnson,
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2001; Laurinavichyute et al., 2017; Villata, Tabor, & Franck, 2018; Jager et al., 2015), which
showed such effects with other features, e.g. NP type, number and gender. Nonetheless, we
observed this effect in relatively simple sentences, none of them containing object relative
clauses. However, this effect did not interact with dependency type, and therefore there is no

evidence that this interference affects the dependencies differently.

4. General discussion
The aim of this study was to investigate the effects of similarity-based interference on
different dependency types in order to derive conclusions on memory mechanisms in these
dependencies. Specifically, I focused on similarity in the animacy feature, and utilized
sentences in which animacy was not a retrieval cue, therefore testing for encoding
interference, namely interference arising during the encoding or maintenance of two similar
items, and not due to confusion at retrieval.

The two dependencies I compared were filler-gap dependency and subject-verb
dependency. While they share some resemblance, in that both the filler and the subject await
thematic role assignment, subjects are not typically characterized as requiring special
memory representation or mechanisms, whereas fillers have been. Similarity in animacy was
manipulated between the filler/subject and the intervening NP. The goal was to examine
whether the presence of a subsequent similar NP affects these dependencies differently.
Namely, whether the subject, like the filler, is also prone to encoding interference, following
Ness & Meltzer-Asscher (2019) who showed that the filler’s animacy is maintained
throughout the dependency, leading to encoding interference.

The first experiment was a self-paced reading experiment where I measured reading
times on an intervening NP (i.e a distractor) that was positioned between the filler and its gap

in the filler-gap condition and between the subject and verb sites in the subject-verb
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condition. Similarity in animacy was manipulated between the filler/subject and the
intervening NP.

The results showed no main effects of similarity or dependency type, and no
interaction between the two, yet a trend in the data indicated some consistency with previous
research and therefore called for further investigation.

In the second experiment, accuracy rates were measured on comprehension questions
targeting the resolution of the dependency. The same materials were used in a rapid serial
visual presentation experiment, and each sentence was followed by a forced choice
comprehension question. The aim of this experiment was to examine whether similarity in
animacy between the two NPs in the sentences affect comprehension when there’s encoding
interference (i.e when animacy is not a retrieval cue).

I found a main effect of similarity, indicating that similarity-based interference did
occur, namely sentences were harder to understand when they included two animate NPs.
However, there was no interaction with the dependency type.

As explained in the Introduction, research investigating memory mechanisms in
sentence processing has revealed that comprehension is prone to memory fallibility (Phillips,
Wagers, & Lau ,2011) and in particular, to similarity-based retrieval interference (Wagers,
Lau, & Phillips ,2009; Jager, Engelmann, & Vasishth, 2017; Cunnings, & Sturt, 2018; Van
Dyke & McElree, 2006; Vasishth, Briissow, Lewis, & Drenhaus, 2008). This retrieval
interference occurs when more than one element in the sentence is suitable for retrieval based
on the verb’s cues. However, interference may arise already at encoding (Gordon, Hendrick,
& Johnson, 2001; Laurinavichyute et al., 2017; Villata, Tabor, & Franck, 2018; Jager et al.,
2015). In my experiments, animacy was not a retrieval cue, as the verbs in the sentences did
not specifically select for either an animate or an inanimate subject. Since animacy is not a

retrieval cue, the interference, manifested in lower accuracy rates in Experiment 2, can only
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be attributed to the encoding process, or to maintaining accurate, separate representations for
the two NPs.

In the experiments there was no clear evidence for differences between the two
dependency types, that is filler-gap and subject-verb. One explanation for this is that subjects
are similar to fillers in that they are kept active until the verb arrives. Like with fillers, when
comprehenders read a subject phrase they know that it will be required later for integration
with a verb. This is in contrast with antecedents in ellipsis structures, where the
comprehender does not know that the phrase will be needed downstream, until the ellipsis
site is encountered.

One question that needs to be addressed is why we did not find clear evidence for
online difficulty at encoding, namely increased reading times on the intervening NP when it
is similar to a previous NP in Experiment 1. As explained in the Introduction, such an
increase was found for filler-gap dependencies in Ness & Meltzer-Asscher (2019), while in
my experiment it only approached significance. To explain this, first, it is also worth noting
the difference in RC type between my experiments (which included subject RCs) and Ness
and Meltzer-Asscher’s (which included object RCs). It has been shown that object RC is
more difficult to process than subject RC (Ferreira, 2003, among many others), which may
suggest that since subject RCs pose less demands on working memory, interference is less
likely to happen. The fact that it did occur to some extent, although a smaller one, in subject
RC, could be evidence for the magnitude of similarity-based interference.

This could also be an alternative explanation for not finding a difference between the
two dependency types in my experiments. Since subject RCs are easier to process, they may
share more resemblance to subject-verb dependencies than anticipated, and therefore no
effect of dependency has been found. Under the account that speakers prefer subject RCs, it

is also possible that while in the FG condition we assumed maintenance is required in
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addition to uncertainty regarding the RC type, this uncertainty, potentially burdening the
maintenance, is “resolved” (by default) earlier, at the filler site. Hence, the difference

between the dependencies was not significant as predicted.

4.1 Future research
Although it can be concluded that similarity-based interference in animacy affects
comprehension, further research is required to shed light on the difference between the
dependencies.

Following the trend of the first experiment, where participants spent more time on the
intervening NP only in the filler -gap dependency, it will be interesting to explore what are
the consequences, and if there are any, of this effort on the overall comprehension of the
sentence. Assuming that prolonged reading times reflect an effort to maintain or encode the
filler more accurately, it also entails that comprehension will be intact in these cases, meaning
that the effort should pay off in better understanding. Since experiment 2 did not allow
participants to read at their own pace, they supposedly did not have the required time to put
effort into maintenance or encoding and therefore it could not be manifested in better
understanding.

To test this hypothesis an experiment that collects both reading times data and
accuracy rates can be conducted. Constructing an experiment that combines both methods, i.e
self-paced reading sentences followed by comprehension questions, will enable testing for
correlation between prolonged reading times and increased accuracy rates.

Moreover, to gain further insight into the differences between subject-verb and
filler-gap dependencies, it could be useful to compare them to another dependency type,
namely ellipsis. Since in ellipsis, there is no indication of the downstream need to retrieve a

previously encoded item, the comprehender might be less rigid in encoding items in memory
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as compared to the encoding of a filler in filler-gap dependencies. Thus, comparing the three
structures can help clarify whether subjects behave more similarly to fillers or to ellipsis and

as a result shed more light on the memory status of subjects.

5. Conclusion

To conclude, in this study I investigated encoding interference occurring in two dependency
types: subject-verb and filler-gap. In order to search for encoding interference, I manipulated
dependency type and similarity of the animacy feature between the subject/filler and a

subsequent NP. Two experiments were conducted with the same materials.

The first, a self-paced-reading task measuring RTs of the encoding site, examining
how similarity affects encoding in the two structures. This experiment did not yield any
significant results but called for further investigation since a trend in the data showed longer
RTs in the filler-gap condition. The second experiment was a combined RSVP and
comprehension question experiment. A significant main effect of similarity on both
dependencies was found, suggesting that similarity causes encoding interference and affects

our comprehension, regardless of the dependency that needs to be maintained in memory.

The main conclusion of this study is that similarity-based interference in animacy
impairs comprehension, however longer encoding times in filler-gap dependencies do not

reflect “better” encoding compared to SV.
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match 2

S-v

inanimate
mismatch 2

s-v animate
match 3

S-v

inanimate
mismatch 3

S-v

inanimate
mismatch 4

S-v animate
match 4

S-V

inanimate
mismatch 5
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S-v animate

0215 DR 77797 777927 AP YW 77P9M2 P12 MIDY ANYAw NTPonT match 5 12
s-v animate

0210 DR 2°7727 199727 1ARA 2w PRI 32990 70O 0w match 6 17
S-v
inanimate

0210 DR 97727 12727 1ART 2w PIRTNA 77990 7w 2993|  mismatch 6 17
S-v animate

0910 DR 7757 2°9WI7°2 JWIIDIRT DY RN 79700 70w 0w match 7 18
S-v
inanimate

0210 DR T°197 2°9WIT°2 WD YW 1IRNA 77997 7°0W 011K mismatch 7 18
S-v animate

0210 NR POMIXA ORPPINRT P90 2w JWITIRA Q1 AW XD match 8 21
S-v
inanimate

0910 DR POIXT ORPIMIART PYOR YW WITING OV0 AW V0N mismatch 8 21
s-v animate

Q912 DR Y°N97 WIna 792°7 2w 720012 P12 0w 13000 match 9 23
S-v
inanimate

Q210 DR ¥ NO7 W 79°7 DV 72°012 17120 0w 712°00|  mismatch 9 23
S-v animate

0210 DR D377 JUOWO 1IN W oW 0NN AW A NN match 10 24
S-v
inanimate

0910 DR D277 JUOVON 1IN YW 7oWY2 0NN AW 17| mismatch 10 24
S-v animate

2910 DR YWYW 9932 0200 YW 197722 VAW Tonw DRnn match 11 26
S-v
inanimate

0710 DR YWYW °932 1207 SW 1727722 Yawn Ow jpnnh mismatch 11 26
s-v animate

9971 NR AV 7°9%771 1190 DWW RN PN Y TR match 12 22
S-v
inanimate

5377 DR A0W 980N 1119907 DV X2 P10 AW awan|  mismatch 12 22

APPENDIX C: EXPERIMENT 1 - MATERIALS

Experimental sentences

Animacy Dependency Set

70102 TP SUNARA YAD TONDIRT NPRNAT YW 1PTIV0A YW ANV NOIpnw animate S-v
70192 TP DUIARA YAD NN NPRNAT DW 1IN0 YW ANYAWw an¥na | inanimate S-v
770°122 TP°7 DUIAR2 AVAD PNOIXN NORNAT DW 1PTIV0A AW NPIpNw T animate F-G
70°192 TP PUIARI YAD 7ON9IXT NPRNAT PW 1PTIV02 MAWAW anP¥na Y| inanimate F-G
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TIAAT PRV WA 1991 72TRT NIANT DW 0702 D1ANR AN 7700
2N DRV WA 7991 720TRT NOIANT PW N2 DIMNKR NHY 112007
TI2T DV WA 991 2YIRIT NI YW 0702 DIMNRW 37977 7

T2 DNYN WA 7991 722TRT N2IANT YW N0 DIMNRY N2 v
YWH? MW DR 127997 IMWRT NYWIDT YW 37°72 AR AN 790
YWH AMWI DR 727997 IMWRT DYWIDT YW 1772 MAWE NI TR
YWY ANWR DR 72°997 AMWwRa DYWION SW 77772 awnw aTva

YWOL MW DR 72°997 IMWR YWD YW 7772 MAwnw MR T

77719 70377 DR 70w NPI9XYT NPANNRT YW MW DNAnK naw NOWITINon
71710 7IN°O7 DR TARYY NPA9¥YT NPAINNAT YW NYwa DvanR anvaw ahuni
7919 AP DR ARnYY NPavEYT NRAINNT YW MW PINRY NMWITI00T
7912 NP3 DR SRRV NPAYEYT YNNI YW MYwa DinnRw 1w 3
RWT N2 5Y A2392A07 77N NAIAT 2w PIARA 210 a0 Npena

KW D207 7Y A92a2300 7°00 NI DWW 117082 210 AW a9

RWT DA %Y 73232307 37N NI DW N8 2w Npena T

RWTH DA ¥ 7939307 739°017 DAT DW 782 avaw A

QIR N9 DR 72927 110D NPOINRNDN SW YDA WAR NI MITRn
D2IRT NP7 DR 772727 WIMLA NPDINRNDT 2V Y9I WAR AN A7IRDNN
O2IRT N2 DR 79727 010D NPOINRNDN 2w Y9I WHARY N7 T
QIR NP3 DR 719°27 W1MN0A NIDANIRNDT DW AV WARY TIIRDNT T
709777 7X12PA DR 727X P72 NP YW NTOR2 DIMNR 0w 370907
70977 %127 DR 772°%77 7R85 NPT PW IR P1AN0R 30T 12WNN
709777 7X1APA DR 7287 7R°0207 NPT YW DTN DIMNRY A70nna 0
70971 7IX1APA DR 797X TR02nT NOPINA SW NN DIMNRY 721wna 7
IR 2777 DR 705N AT NPRYPAN SW 77w P13 ANYAw 17NN
ITIRT 277 DR 709N AXIT DORYPAT 2w ATW2 P12 ANPw nTona
STIRIT 277 NR 705N AN NPRYPAN SW 37w 7200w TN T

TIRT 277 DR 709N AXIT DIRIPAT YW 7w A9 nTovan 1

7N°271 90 DR %197 NOITPWE TR0 DY NN P10 AN naman
7N°271 90 DR %197 NITRPWI TN DY N1NA22 P12 0T a9RY
N7 99 DR X090 NOITPWS a0 BW MN312 710w nIman

70997 92 DR X190 NTPWR 87N DY NN 0w TORYI 1T

PP 72N DR MW PRI NVATT 2w 702 P10 INaW 3vnn
P2 720 DR 0RO TPRAIRT DT PW 2702 9120 Anvaw anana
P27 9727 DR AW 09IRT DA 2w 2702 P10 3%0wen T

P97 9720 DR AARY PYAIRT DRI DY TR PN 7300 T

NARTIAT N2DIAN DR Y37 37798 NNNINT YW AR°722 290K ANYaw NINKD

DARTINT NPDWAN DR A7 P9ENAT NN YW 327722 D1ANR ANPhw aR¥INI
NARTIAT N2DWAT DR YA A°28nT NANIAT 2w 2732 PINKRY NINRT T
DARTINT N9DIWNAT DR VAT AM9ET DRNIAN 5W 722 D1NKRY IRXINT 7
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inanimate
animate
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animate
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inanimate
animate
inanimate
animate
inanimate
animate
inanimate
animate
inanimate
animate

inanimate

animate

inanimate
animate
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S-V
S-V
F-G
F-G

F-G
F-G

F-G
F-G
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TTMON 2137 DR 2979277 179021 TART DW NIRTINA 739708 7NW mwn

71D 2237 NR 97727 12027 1ART 2w PIRTINA 77700 1N D090

7197 2337 DR 9°727 P20AR 1ARA 2w PR 7790w mwn

797 2337 DR 277727 P27 1ART HW NROTNA 1200w 9097 T

MWK P201N7 N2 DR T°N07 200N 1201727 YW 30°02 P10 AUnw 9010
INWRA 7PN 12vAn DX N0 20MDAN 1201170 PW 0002 1T Y N
TNWRD PPMN7 92YRT DR PO 20MONT 20T DWW 00 WP 2207 T
MWK PPN N2V DR N0 200N 170717373 W 30702 pIanw 19T T
10101 DDIXT DR 9292 YR ORIANT DY A2 27 W 11707
0101w D°DIXT NR 9292 YT ORIMAN DV AN 2 7w vwn
I0IDIW DDIXT NR 2292 PYRT ORIINT DV AT 27WAW 17700 7
0101w DDIXT DR 9292 YR ORIANT DW AN 2w v Y

PO NNX DR POMXA ORPPIART P00 YW TWITIRA D10 AW ORPIIR
PO NNX DR POMIXT ORPPINRT P07 W TWITIRA 215 AW 00N
PO NNX DR PIMIXT ORPIINKRT 220107 W [WOTIND DN ORPIPA T
PO NN DR PO ORPOINRT 2°O17 DWW TIRD O1W 00N T

132 0°72°7 DR YOND7 WINA 72°0 2w 72°01m2 P12 7R 1300

132 @°79°77 DR YON9n WINN 79200 DY 72°012 1120 70w 7120070

132 @797 DR ¥ON9T WINN 7900 DW 72°012 PR X000

122 0°72°7 DR YN0 WINN 72°0 DY 72°012 910w 12000

PPN PO IR D377 WDV 1IN YW 70w 0182 AW Tvnna
PPN PO NR DY JWDVT 1IN YW AW 01N AW NTa
PPN PO NR DP9 JWOVDT I YW IoWwHA ONAW TN AT
PPN PONT DR 0°Y5 WDV P21 YW AOWHA o1 1T T
MNZT WRI DR J2X0V WM NINNT DY 11PRI2 P17 7AW 120
NN WRI DX 2OV WIVAT NIDNAT DV 119K 120 DAY 10207
MNZT WRI DR J2X0V WIINT NIdONNT DY 11°RI2 1T 72w T

NNXT WRI DR XY WM NI DV PR 1130 J1200 7
QNN AW IR YWYW 2°932 0207 YW 11977122 ¥12wn W 1p0nn
DTN ANOWAN DR WYY 22932 N2n0 YW 15°722 2w 50w 20%nn
D17 ANOWRI DR YWYW 22932 1207 YW 799722 1w Jpnna ot
QMM AW DR YWYW 97931 7207 YW 7377122 Y1awaw Uung
TV 77237 DR XY WIWRI R0 YW N3 120 10w Dound
TPV 77237 DR 20XV WP X207 W N2 P17 W 1997
TV 77217 IR XY WP R0 DW N33 0w Doun AT
TOYNT 77237 DR XY WIWPR R0 DW N2 P20 1997 T

112127 MP97 DR 2°7777 W AR YW 1R o A 10mn
172127 MPYA DR 20790 WINT 9N YW M2 avh 3w 7N

112127 MP20 DR 2°7727 W AR YW NIN2 2raw 0%a

7121277 MIPRA DR 20797 Wi 983 YW NI oY Tuxn
MTTYAT AR DR YXD 977007 1ARA7 2w prwna 2790 0w TR
MITTIYNT AR DX YYD 277007 1aRA7T 2w prwna 299 7°0w 1720
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animate
inanimate
animate
inanimate
animate
inanimate
animate
inanimate
animate
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animate
inanimate
animate
inanimate
animate

inanimate

S-V
S-V
F-G
F-G

F-G
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F-G
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S-V
S-V
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MTTWAT AR DR YYD 277907 1ARN7 2w prwna 27vaw TR 7 animate F-G

MTTYNT AR DR YXD 977007 1ARAN 2w prwna 299w MO 71| inanimate F-G
DOHROXIVIDT NP DR 21K WAV TINNT DW TN QT Y NI animate S-v
DHROXIVIDT NP DR 21K MWW TNNNT W TIWHNA QYT AW AN inanimate S-V
DPHRORIVIDT TP DX ATIR MWW TNNNT DY TIWHA PIw WA T animate F-G
D°HROXIVIDT D21 DX 21K MWW TNNNT YW TIWNA PAW ANNa AT inanimate F-G
YTAY AR 77X DT 00T 7900 DW 10002 MW 7w 2957 animate S-v

TR MW TR D73 M0RT TR0 Dw DA MW AW YUYV inanimate S-v

MTAY AWM AN DT M0NT 7200 YW 119002 mawnw 2930 animate F-G

SR ROWIN 37182 D73 003 T2°0 Pw 11902 Mawaw YUY 7| inanimate F-G

TR DONNA DR VW 2WAT VDWW YW PN 702 OnWw Pavn animate S-v

TP NONONT DR VW WA VW YW PN 72092 AW YDA inanimate S-V

TP DONONA DR VW WAT VW YW 1PN AW PUiava T animate F-G

7P DP1ONT DR 0 WA VO DW 11PN 7290w YI9IRA AT inanimate F-G
DOTIRT 22 DR 270 DYAPNT DPRPIIPT DY ANNN2 12w 0w 77man animate S-v
DOTIRT 22 DR T DRI DORPIIPT DY ANNN2 2w anaw awa | inanimate S-V
DOITIRT 22 DR 2T DYAYIAT DORPIIPI D A1NN2 AW anan w animate F-G
DTN 22 DR 72T DAY DORPIIPA W A1NN2 WA YA T inanimate F-G
QIR VW DR AT OPOVIRT ORI DW X002 2T 7AW VOO animate S-v

QIR VW DR IR OPOVIRT VORI DW N2 W0 AW pn7a| inanimate S-V

IR VWA DR I OPOWIRT O OV N2 2WIW VO T animate F-G

7RI VW DR I3 PYOIRT R DWW IRAN WA PnIn AT inanimate F-G

VPW 77307 DR 200N T TN W mI01pa 1w v 76 animate S-v

VPW TOI0T DR D00 T TN W nI0pa 31w 7w 2IRDT | inanimate S-V

VPWI 7707 DR 20N I TN W AI0pa y1awaw 70Ta animate F-G

VPWT TP DR 930°N 1700 WINAT OV HI0p2 MAwaw PIRDa AT inanimate F-G

Filler sentences

m2VNAT N2 DX 1MW 02727 WA AVTIAT DR AN9w 000270

D790 NIW NRPNOY 22107 RY 2RW 27VAN DR WA Niponn

7799720 NI DR 71757 100 ORI 2WAW AW DX X0 DNAwnn
D210 VI AW ARIPA 27NN WG M0AW AT DR 101 19300
W°252 N0 MAPYI D3N DOPPD 112VXT 12T MYWIAW MINPTI DR AVAY A1TRN
T2 AW A1 227 OIWOR 2N WA 2P TATAW AR DR 09R PORINT
7Iva N°9392 7N KL 797 9032 201w TWRaw Saved DR N9V RYTID0:
99107 1707192 MW O¥ PYX W WPATW AVMWA DR Yaw 73R

TPDN% DI WM TPDRI 7272 WTIN TIWAW 2107°57 DX 7IW°R N7
A0 7IX°ID 11°03 81PN PR 70w WA DR 31577 wha

TNANT XM PIWNA 709N AXIAPAW 12°0 PW 72WANT DR RN DTN
TR MIRPWR TR Y9I 730 21050 AnINT DR WA I

T2077 P°N2 SWRIT QWRIT DY 1T 0 DR AVPW N T

1Y WD N9 MR 2 MAMT awa oW npon T
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292K N2 D173 NN VIR PARK MR AR NPT T

SRR VYD WANM YRR 7T P DWW Twn2 Tayw T

P 117 XMW DI0A? AT 723VN N2 WA 7701w AT T

MR OIRY 70°152 W HY 2792 DVanK [owIw [non

D°LIXNPA OPIR N1 222 NY°279 NO2I0NT 77T DR Y12W 2197 1WRAW NrIN0T 19K
WINT JWRRT U0 YW 771027 NITPAY 2°0°07197 NP YW 10TY 22VIT 19K

97 XP2 NOWIINT 1°32 TaAT DY YWYWnT 119°07 P12 12WRAY MO 19K

AWM 3737 NA0DY NANRAT 217017 9P122 2T PINNR TIRIY 29PN 1R

7272 2OV PIROTIAA NN TIDINT PIAA NN DR 2792 D0ANK 1WIWITW Mnw:T 198
0°719 A 71227 AT 3219007 2°Awa 20T V78N 72772 DINK 1IDW NN 19K
77907 2O°YNT AMKY NPNIPT MIDINT NPDI2 M2 NAVW MI2WIAW MIVANT DX I7°0 1aN7
TYTIR1 227327 M NP7 7777977 D20 AW NORXNT DX 739°N D95

mN°I? 2937 DR PRWT? YR 0°919°07 7712 21w I027 DR On°1 210000

D7IWAA 17122 07102 WW DY ORI 7377 12772 SWOW 21w MYIARNT DR 370V pYING
NTAF-07% MRY? 73 XA W0 DPN0RT 2V WIS JWna N20Xaw 719395 IR QU awan
772073 YW MmpLa M DXL W NI 9108 7AW DR OYIOW NARn

o°777 19IR2 AW DR VYR MDD NPT N2 MY TR DX 19277 22 17nna

D°IXIM2 "ML 03D HY ¥PTI0 DRNNPYI-N20%2 WTIND 2109w 118°7 DX Wan nnownn
M7V D210 DR NINT2 U917 Y°N0n 1DIRA I12WIW 1720 DR WD D29277R:

TIP°N 19 IRC2TW AWRNT DY 72V Y1WR 92 JUnaw RIDVT DX 1128V MOpNn

Y9 W WA J72n7 115077 70°1 P12 YOW VIO DR WA 2wV

VIIDIRD 72771 7PV DR ¥I2W 2197 PIW I DR 1NN MIIIRNT

DOTW20 WWIT ORI NPIPN2 022D AW 2P TA2NT 93w NIOTYN DR IROXIT NI
MI2°X 2PN IR MR D207 DX DY TOPIY 1WNW VPR DX 1PN 2°1v TN

0°27 MMPY YW 0»WOR 02070 19T 1YW AW AD°WN DX 1RO NPINTY

WA NIMIM 922 A7 71297 2OYEIN 11PN 1AW 710w 31107 2 IR 2707017

0°71% NANK NPIYAY MXIN WI292 NN X7 212w 210w AT DR W menn
0°503 1YW 1 DX NKRY 272 TIWNA 37PN NYTINAY 07 DR 12°3 00w

MYRYR MYY? DT 0RYD-T1T DX 21NN 2P0 12PN AW 772 DR 1R MM
ORIW2 WADY 0°I27 I WTOXY AR 2INAW A9RW NR 13X 0°20017

TN XYY ARDIAY Yo7 19917 K2 20710 29RN AW mutnat DX 102 npeTan

TYODINRT DR NANYY TTRT AXVAT DR P0M YT NI TWRT IR 100 21T

7922 2190 MW 2 N°9395 79707 2231 KY AUIDINNI DLITIVOW IN?NT DX DY Mand

W A2 NN 79 PINDY 772V NRDTIONT NIATAY 1908 DX XD 221NV

APPENDIX D: EXPERIMENT 1 - COMPREHENSION QUESTIONS

<<z >

Q example sentence from set
TP DUARA VA0 PNDIRT NPRNAT DW 1IN0 YW INYIW NIPnw
ORI NPRNAT DR =0°192

T2OTR N2INNT ORI MANT DRV IWN 7951 72N NI YW N2 DVankw N2nnd v

7P°M NIZY W PN ORA RWT DT 7Y A2A2ANT 37N DA YW NN O1Rw 2va T
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Z

N2VW 1AW N0 AV9Iaa ORT

77712 77007 XI2P0 ORI
M2 mHXT 277 ORA
92127 M2 AR PNT OR

VA1 NYoNT ORA

MWK PPN 7007 0% ORA

9507 N°22 712°07 N OXA
LPWY W2 13T ORI
71°R72 7197 N1oNNT XA

Nana 70 Mphn arn
29Y7 PRwR2 MTTIVA 197 ORA
71702 R¥AI N2WIW PO O
7277 DR W23 207 O

w222 N°0NK 17X 2°PPo ORA

inemh e Serlr R risiv el

TP PV PYX WD ORI

v ¥ 0107977 IR 7IW°K N7 DR
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7°09N 7X12PAW M12°0 0P ORI
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>117°Y1°2 w0292 1IN MINMIT OXRA
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705;T 7X1APT DR 727X TR02NT DRI DW NN DIMNRY 721wna T
TR 2777 IR 709N AR NORYPANT 2w 7w 120 ANYAw DTN
NP7 93 DR AXOMYI NPATPWA ATNPNA DW MR P1TW T9RWI T
NY9MT DR VA7 ALRAT DN YW 722 01N RN
DARTIAN

aP9MMY N2vKn IR N0 QDTIBAT JP0NTIN DY 70°0a P N9 T
INWR

132 @°72°7 DR YONOT WA 79070 DV §2°012 P00 M0

PPN PDMA NR 0937 JWHVDT 1IN YW WD 01N AW TN
MNET WRI DR J2X0V W NIdNNT DY 11°RI2 I 10200 T

12127 MPYI DR 20090 W0 AT YW NI QYhRY TN
MTTYNT AR DR YYD 277507 1ARAT 20 Priwna 299 70w TR
m2aLAT N2M DR 1MW 02727 VAW AVTINT DR AW 10°0°2130
D°TW°27 NIW NPNDY 02101 K7 D2WAnW 19797 DR W23 [ponn
MIPY2 0300 O°PPD 112VXT 1T MYWIAY M DR YA T1TRNI
w>202 nwoon

TPIW 731 027 DIYR 2N WA 1P 1T AR DR URR ORI
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P 1719 ROAW 0IUAY U2 93N 12VW YW1 3901w AT T
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070 W 771927 NP 0°0°01377 NYIATA V1AW 19TY 0T 1R
W WRPRA

NOWIDNT 173732 TAMT DY YWYWAT 19307 17120 12°WRIW MIVIVDT 19X
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2757 IR PRWI? TRRI 29219707 2772 21AW N2 DR a1 00

Y YT NARY Y 10017 ORI filler
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APPENDIX E: EXPLORATORY ANALYSIS

As presented in the introduction, Ness & Meltzer-Asscher (2019) used similarity-based
interference to show that animacy is a maintained feature when they compared filler-gap
dependencies to ellipsis configurations. RTs on the encoding site, as well as the integration
site were recorded. Similarity-based interference was found in the FG (filler-gap) condition in
the encoding site, but more importantly for this analysis, results indicated similarly-based
interference in the ellipsis condition at the integration site. This means, longer RTs at the
ellipsis site were found, when the intervening NP was similar to the antecedent rather than
when it was dissimilar (similar results were obtained in Ness & Meltzer-Asscher, 2017).
Though the current study’s SPR experiment was not designed to test effects at the
integration site, an exploratory analysis was conducted, testing for a correlation between two

positions in the sentences: the critical NP spill-over (word no. 7) and the integration site, i.e

40



the verb (word no. 8). This analysis was limited since these two positions are adjacent hence
results could be attributed to various factors causing an effect.

A Pearson correlation coefficient was computed to assess the linear relationship
between “encoding cost”, i.e word no.7 (calculated by the difference between RT’s of the
similar condition to RT’s of the dissimilar condition) and “retrieval facilitation”, i.e word no 8
(calculated the same as word 7). Correlation coefficient was computed for each dependency
type separately. In the filler- gap condition there was a negative correlation between the two
variables, #(55) = -.37, p < .01 (see figure I). In the subject-verb condition there was no
correlation between the two variables, 7(53) = -.005, p = 0.96 (see figure II).

Out of 60 participants, 3 were removed from the analysis in the filler gap condition
since their differences exceeded/fell behind 2.5 standard deviations from the group’s mean.
Five were taken out of the analysis in the subject-verb condition, for the same reason.

Although these results should be considered with reservation, they shed preliminary
light on readers’ strategies during processing, specifically during their encoding of fillers.
The negative correlation in the filler- gap condition indicates that participants who devote
more time to encoding the intervening NP (or maintaining the filler held in memory
simultaneously), profit from this effort by retrieving the filler more easily in the integration
site. The same pattern was not observed in the Subject-verb condition, hinting that this
strategy is not applied when the parser identifies a subject.

Though the results cannot be interpreted conclusively,, they are in line with the idea
that fillers have a special memory status. This is unlike subjects, for which no special
memory mechanism has been identified and thus additional research is needed to discover

differences and/or similarities between these two dependencies (see future research).
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APPENDIX FIGURE I: Correlation by participants words no. 6-7, F-G condition
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